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Acacia species are considered as the most widely distributed species in Sudan. Their uses concentrate 
in charcoal, firewood and fuel wood.  Despite the richness of Sudan in most of the basic factors 
required to establish pulp and paper industry, it is still dependent on imports to satisfy its needs of pulp 
and paper. There is an urgent need to assess the sui ability of the local fibrous raw materials for pul  
and paper making. The present study was carried out to assess the suitability of five Acacia species 
wood for pulp and paper making. The wood materials were collected from the low rainfall woodland 
savannah in Sudan. Fibers dimensions and their derived values were investigated and used to consider 
the suitability of the selected species for pulp and paper making. The results indicate the suitability of 
the studied species for pulp and paper making. However, mixing their wood with those of soft-wood is 
suggested to improve their properties. 
 
1. Introduction  
 
The demand for paper products in Sudan has grown rapidly with the continuous development in the country. 
Sudan, like most developing countries, is almost entirely dependent on imports to satisfy its needs for pulp and 
paper despite its richness in different hardwood species which could be good sources of pulp production 
(Khristova et al., 1990). For instance, Acacia species are widely distributed in Sudan. They cover about two – 
third of Sudan area (EL Amin, 1977). There are thirty one species of Acacia in Sudan (EL Amin, 1977 and 
Voget, 1995). However, their uses concentrate in charcoal, firewood and fuel wood due to lack of information on 
its wood properties. There is an urgent need to evaluate the locally available raw materials as potential sources 
for pulp and paper industries, this would not only reduce imports, but provide an economic incentive to forestry 
and industrial sectors in Sudan. 
 
Wood is a raw material of variable structure. The fiber as one of this 
structure has variable characteristics; these charateristics differ between and 
within species, and between and within trees (Panshin and de Zeeuw, 1980). This variability influences 
utilization of wood for specific end uses. Researche s like Yousif (2000), Osman (2001), Rasheed and Dasti 
(2003), Pande et al., 2005 & 2007), Sharma et al. (2011a,b),  Singh et al. (2013), and Sadiku and Abdukareem 
(2019) have detected variation among species in wood fiber characteristics. Ajuziogu et al. (2010) have detected 
significant variation in wood fiber derived values of four Nigerian species namely: Anacardium occidentale, 
Dacryodes edulis, Mangifera indica and Persea americana. Also significant variation among five Syzygium 
species (Syzygium cumini, Syzygium fruticosum, Syzygium jambos, Syzygium nervosum and Syzygium praecox) 
growing in India has been detected by Wangkhem et al. (2020). An increasing in wood fiber characteristics from 
pith to bark was observed in different hardwood species in previous studies. For instance, in Eucalyptus grandis 
× E. Urophylla (Quilhó et al., 2006), Eucalyptus tereticorn (Sharama et al., 2005 and Uniyal, 2012). Similarly, 
in Rubber wood (Hevea brasiliensis), Naji et al. (2012) found that fiber dimensions increase from pith to bark. In 
Sudan, Osman (2001) has detected a radial increasing tre d in wood fiber dimensions in ten hardwood species 
including Acacia nilotica, A. seyal, A. tortilis, Albizia amara, Anogeissus leiocarpus, Blanites aegyptiaca, 
Eucalyptus microtheca, Faidherbia albida, Stereopermum kunthianum and Terminalia brownii.  
 
A comprehensive knowledge of the characteristics of any material is essential for its best utilization. This is 
true especially for wood because of its cellular nature and its complex cell wall structure (Hickey and King, 
2001). Wood is the most important raw material in pulp and paper production. It gives about ninety percent of 
the basis for pulp production, whilst approximately ten percent produced from non-woody plants (Ekhuemelo 
and Udo, 2016). Among many indices that made wood a valuable source for pulp and paper production, the 
anatomical properties, represented by its fiber characteristics are considered the major variable used in 
determining the level of suitability of wood species n pulping (Ogunwusi, 2001 and Peltola et al., 2009).  
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The morphology of the fiber and its derived indices orrelates with most of the strength properties of pulp 
(Dinwoodie, 1965 and Anjos, 2014). Researchers like Ogbonnaya et al. (1997), Saikia et al. (1997) have 
successfully used fiber derived values to assess the uitability of various fiber raw materials for pul  and paper 
making. Ververis et al. (2004) in a study of fibers dimensions and lignin and cellulose content of four non-wood 
plants (kenaf, giant reed, switchgrass and miscanthus) and three agricultural residues (cotton, almond tree and 
olive tree) growing in Greece, have used fiber derived values to assess the suitability of the studied species for 
pulp and paper making. Gamal (2014) has also used the fibers dimensions and their derived values to assess the 
suitability of Acacia seyal var. seyal and Balanites aegyptiaca growing in different zones in Sudan for paper 
making. Sadiku and Abdukareem (2019) have successfully used the fibers dimensions and their derived values to 
assess the suitability of some Nigerian tropical timber species for pulp and paper making. Similarly, Ajala and 
Noah (2019) have used the Aningeria robusta wood fibers dimensions and their derived values to assess its 
suitability for paper making. Many Other researchers like Ajuziogu et al. (2010), Ekhuemelo and Tor (2013), 
Noah et al. (2015), Ekhuemelo and Udo (2016), Ogunleye  et al. (2017), Ogunjobi et al. (2018) and Riki and 
Oluwafemi (2020) have also successfully used the fibers dimensions and their derived values to assess the 
suitability of various fiber raw materials for pulp and  paper manufacture.  
 
Fiber length is one of the major factors controlling the strength properties of paper as it i associated with the 
number of bonding site available on an individual fiber (Dinwoodie, 1965; Ogbonnaya et al., 1997; Wang, 
2014). Long fibers are used to give essential strength while short fibers are used in furnishes to provide good 
printability and stiffness to end product. Haygreen and Bowyer (1996), Panshin (1998) and Oluwadare and 
Sotannde (2007) reported that the longer the fiber, the higher is the tear resistance. Thus, wood species with short 
fiber are less suitable for paper making than the long-fiber species (Dickman, 1975; Anonymous, 1978; 
Ademiluyi and Okeke, 1979; Sadiku and Abdukareem, 2019; Okoegwale et al., 2020). The fibers obtained from 
hardwoods are mostly short in comparison with fibers from coniferous species (Hurter, 1988). Despite this, 
numerous hardwood species with short or medium fibers are commercially used in pulp and paper making 
(PPM). For instance, Gmelina arborea Roxb. is the prime source of wood pulp in West Africa and Brazil 
(Ademiluyi and Okeke, 1979; Martin, 1984). Eucalyptus species is the preferred species worldwide for short-
fiberd pulp (Dutt and Tyagi, 2011). Also, some Acacia species are used for PPM in many countries such as 
Australia, Brazil, South Africa, Indonesia, Vietnam, and Malaysia (Logan and Balodis, 1982; Yahya et al., 
2010). In addition to fiber length, fiber wall thickness is also one of the significant fiber characteristics that 
determine the suitability of a fibrous raw material for pulp and paper production. Horn (1978) reported that 
fibers with thick walls result in paper having low burst and tensile strength, a high degree of resistance to tear 
and a very low folding endurance. The relationship of burst and tensile strengths to cell wall thickness is 
explained by the fact that these properties are very d pendent upon a high degree of fiber-to-fiber bonding, 
which is affected by cell wall thickness (Haygreen and Bowyer, 1996). Fiber Lumen diameter considered 
important in pulp and paper making as the large fibr lumen width aids the beating of pulp (Ogunjobi et al., 
2018). Using fiber dimensions values; some researchers dveloped some fiber index or derived values which 
may be used as indicator for the suitability of theparticular species for the industry. The most important fiber 
derived values on pulp and paper industry are flexibility coefficient, Runkel ratio as well as slendern ss ratio. 
Those derived values are more useful for determining the paper making potential of a woody species than its 
absolute fiber length. Dinwoodie (1965), Ademiluyi and Okeke (1979), Sadiku and Abdukareem (2019) stressed 
the importance of the fiber derived values on pulp strength. 
 
     Runkel ratio (after Dr. Runkel) is defined as the ratio between twice the wall thickness and the lumen 
diameter (Runkel, 1942). Fibers with a high Runkel ratio are considered less desirable for papermaking (Jang 
and Seth, 1998). The approximate limits of Runkel ratio appear to be from 0.25 to 1.5 for species that produce 
pulp of reasonable quality (Valkomer, 1969 and Singh, 1991). Paper strength tends to improve with decreasing 
Runkel ratio (Okereke, 1962; Rydholm, 1965; Istikowati et al., 2016). The high Runkel ratio gives low paper 
strength properties, specifically low burst, tear and tensile indexes (Bektas et al., 1999) and would produce 
porous papers (Iwenofu, 1979) and form bulkier paper with lower bonded area when compared to low Runkel 
ratio fibers (Istikowati et al., 2016). 
 
Slenderness ratio or felting coefficient/power is the ratio between the length and the width of a fiber. Xu et al. 
(2006) reported that the acceptable value for pulp and paper making is > 33. Slenderness ratio is an important 
character in PPM having a positive effect on strength, tear, burst, breaking off, and double folding resistance 
(Akgül and Tozluğlu, 2009). Rydholm (1965) and Akpakpan et al. (2012) reported that the higher the 
slenderness ratio, the stronger is the resistance to t aring. In addition, a high flexibility coefficient or elasticity 
coefficient (ratio of fiber lumen diameter and fiber diameter; Wangaard, 1962) is necessary for fibers used in 
papermaking (≥ 50 but preferably > 60). This is because paper streng h tends to improve with increasing 
flexibility coefficient (Petri, 1952; Okereke, 1962; Rydholm, 1965, Akpakpan et al. 2012). According to Bektas 
et al. (1999), fibers are classified into four groups depending o  the flexibility coefficient: High elastic fibers 
having elasticity coefficient greater than 75, elastic fibers having elasticity ratio of 50–75, rigid fibers having 
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elasticity ratio of 30–50, and highly rigid fibers having elasticity ratio less than 30. Rigid fibers do not have 
efficient elasticity; they are used more on fiber plate and rigid cardboard production as cited by (Akgül and 
Tozluoğlu, 2009). The improvement of paper strength with decreasing Runkel ratio and increasing flexibility 
coefficient may be explained by the fact that fibers with low Runkel ratio and high flexibility coefficient readily 
collapse and produce good surface contact in addition to fiber-to-fiber bonding. In contrast to this, fiber with 
high Runkel ratios and low flexibility coefficient tend to retain their pipe-like shapes to a larger extent during the 
beating and sheet-forming process resulting in minial fiber-to-fiber bonding (Nkaa et al., 2007). 
 
Little informations are available in literatures onthe wood fiber characteristics of the hardwood species 
grown in Sudan. Also, little information is availabe on the possibility of using the wood of these spcies for 
pulp and paper making. There is a need to carry out pulping and paper trials on the suitability of species grown 
in Sudan for paper-making before a valid assessment could be made. Therefore, the present study was carried out 
to provide information about the wood fiber characteristics of five Acacia species grown in Sudan as well as to 
assess the suitability of using their wood fibers for pulp and paper industry.  
 
 




     Wood material was collected from five Acacia species which belong to the family Fabaceae, subfamily, 
Mimosoidaceae. The species were growing in low-rainfall savannah in Sudan, in three forests namely, Al-
Dalang, Al-Faid Um Abdalla (located in South Kordofan State) and Al-Lambowa (located in Sennar State).  
Table 1 represents the scientific and local names of the selected species as well as the locations of collection.  
 
Table 1. The study species scientific names, local names and locations of collection 
 
Scientific Name Local Name Collection locations  
Acacia gerrardii Benth. 
A. senegal (L.) Willd. 
A. seyal var. seyal Del. 
A. sieberana Dc. 






Al-Dalang forest (SKS) 
Al-Dalang forest (SKS) 
Al-Lambowa forest (SS) 
Al-Faid Oum Abdala forest (SKS) 
Al-Lambowa forest (SS) 
             
                                    SKS= South Kordofan State, SS= Sennar State State 
 
     Three healthy mature trees were randomly taken from each species. From each tree, two representative 
samples were obtained from the outer wood (sapwood) f the stem at breast height from opposite sides of the 
tree using an increment borer (see Figure 1).  
                                                     
Figure 1. Wood sample collection using an increment borer 
 
2.2. Maceration procedure 
 
     The maceration procedure developed by Shultze as cited in Jane (1970) was used to macerate the woody 
materials into individual cells. About 3 slivers of wood were placed in test tubes, to which 65 % nitric acid with 
2–3 crystals of potassium chlorate was added and then warmed up (100ºC) in a water bath for about 5–10 
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minutes. The macerated material was washed several times by distilled water. Then were placed in Petri dishes, 
washed in 25 and then 50% alcohol (ethanol), stained by few drops of safranin dye and then rewashed using a 
series of alcohol concentrations (50%, 70%, and 95%). The prepared macerated materials were placed in slides 
and one drop of DPX was added to each slide.  Each slide was then covered gently with a cover slips and left to 
air dry gradually for a day. A total of 5 slides were prepared for each sample. 
 
2.3. Microscopic examination 
 
     Quantitative examinations were carried out, these included fiber length, fiber diameter, and fiber lumen 
diameter. All of these characteristics were measured sing a light microscope (model: hund WETZLAR) with an 
10x ocular lens provided with a measuring scale graduated into ten equal segments and each segment is then 
graduated into ten sub-segments (see Figure 2). Fiber length was measured under 10x objective lens, while fiber 
diameter and fiber lumen diameter were measured under40x objective lens.  
 
                                             Figure 2. Fiber length measurement using measuring scale 
 
     The prepared slides were divided into four equal quarters; a number of 5 fibers were measured from each 
quarter (giving a total of 20 measured fibers per slide x 5 slides per sample x 2 samples per tree). The
distribution of the measured fibers in each slide is illustrated in Figure 3. 
 
                                        Figure 3.The distribution of the measured fibers per slide 
 
The measured values were transformed into real values by calibrating the measuring scale using a calibration 







Figure 4. Calibration scale 
 
Fiber wall thickness was calculated as fiber diameter - fiber lumen diameter /2. 
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Using the fiber dimensions measured values; three derived values were calculated according to Saikia et al. 
(1997) and Ogbonnaya et al. (1997): 
 
- Slenderness ratio as fiber length ÷ fiber diameter,  
- Flexibility coefficient as fiber lumen diameter ÷ fiber diameter × 100 and 
- Runkel ratio as 2 × fiber cell wall thickness ÷ lumen diameter.  
 
2.4. Statistical analysis  
 
     The data collected was subjected to statistical analysis of variance using SAS programme for simple statistics, 
while Duncan’s Multiple Range Test were used to separate the means to indicate the significance differences 
between them.   
 
3. Results and discussion  
 
3.1. Wood fibers characteristics variations of the studied species 
 
     The results of simple statistics for fibers characteristics of five Sudanese Acacia species were shown in Table 
2, while the results of mean separation test were shown on Table 3. 
 
Table2. Results of simple statistics for wood fibers characteristics of five Sudanese Acacia species 
 
2Fibers Characteristics  
FCO. 
(%) 









Statistics Study Species  
11.1 29.6 0.40 5.55 2.77 12.5 0.411  Min. 
31.7 61.5 2.60 13.70 6.28 20.0 1.188 Mean 
71.4 109 8.00 22.20 16.65 27.8 1.665 Max. 
38.0 18.7 53.41 24.0 39.2 13.5 26.7 C.V. 
*A. gerrardii 
  
14.3 20.2 0.30 4.16 2.78 11.1 0.364 Min. 
41.6 62.0 1.71 10.02 7.28 17.3 1.039 Mean 
76.9 100 6.00 16.65 13.88 25.0 1.499 Max. 
30.5 20.0 66.80 23.8 37.5 15.9 31.2 C.V. 
A. senegal 
12.5 29.6 0.40 5.55 2.77 13.9 0.485  Min. 
42.4 61.5 1.65 10.98 7.87 18.8 1.086 Mean 
71.4 109 7.00 19.42 13.88 26.4 1.798 Max. 
30.2 18.7 66.02 30.3 29.9 13.9 25.9 C.V. 
A.seyal var.seyal  
8.2 34.3 0.29 5.05 2.59 12.6 0.707 Min. 
35.2 56.9 2.30 13.93 7.62 21.5  1.199 Mean 
77.3 91 11.00 27.77 21.46 30.3 1.838 Max. 
35.2 23.0 70.06 25.4 42.2 16.1 21.0 C.V. 
A. sieberana  
14.3 27.4 0.08 1.39 2.77 13.9 0.533 Min. 
39.0 54.7 1.88 11.39 7.23 18.6 1.023 Mean 
92.8 83 6.00 19.42 18.04 26.4 1.454 Max. 
34.0 19.0 57.47 26.8 37.0 13.0 25.3 C.V. 
A. nilotica 
 
*A=Acacia, 1Min=Minimum; Max=Maximum; CV=Coefficient of Variation, 2FL=Fiber length, FLD=Fiber lumen diameter, 
FDWT=Fiber double wall thickness, RR= Runkel ratio,SR= Slenderness ratio and FCO. (%)= Flexibility coefficient. 
 
     As Shown in Table 2. The study species wood fiber length range between 1.023mm for Acacia  senegal to 
1.199 mm for A. sieberana, which are within the range of hardwood species (0.7 - 2.0 mm) (Ilvessalo-Pfaffli, 
1995). The fiber length of the study species can be classified as medium according to IAWA Committee 
classification (1989) (0.9 mm-1.6mm) and as short according to Wagenführ (1984) classification (1mm-1.5mm). 
The mean fiber length value of Acacia nilotica is lower than that reported by Osman (2001) (1.15mm), while 
that of A. seyal is approximately equal to Yousif  (2000) and Osman (2001)  finding that showed 1.09mm and 
1.07mm, respectively. Acacia senegal mean fiber length value is also approximately equal to that of Yousif 
(2000) who reported a length of 1.003mm. Regarding fiber diameter, the study species fiber diameter obtained i  
the current study ranges between 17.3µm for Acacia senegal as smaller diameter to 21.5µm for Acacia sieberana 
as larger diameter, and lays within the range of hardwood species (10-60µm), reported by Ilvessalo-Pfaffli 
(1995). Osman (2001) reported lower fiber diameter means values (14.7 µm and 13.1 µm) than those obtained in 
the current study for Acacia seyal and A. nilotica, respectively. Comparing to the current study results, Yousif 
(2000) reported lower fiber diameter mean value of 14µm for Acacia senegal and equal fiber diameter mean 
values of 17µm for A. nilotica.  
Gamal et al.                                                        Agric. For. J. Vol. 5, No.1 (2021) 
 
© 2021 Agriculture and Forestry Journal 
This is an open access article distributed under the terms of the Creative Commons Attribution-Non Commercial 3.0 Inter ational License 
63 
     The study species fiber lumen diameter ranges between 6.28µm for Acacia gerrardii to 7.87µm for A. seyal. 
The mean fiber lumen diameter for Acacia nilotica and A. seyal are lower than those obtained from Osman 
(2001) who reported 11.1µm and 12.2µm, respectively. The study species fiber double wall thickness ranges 
from 10.02µm (5.01µm wall thickness) for Acacia senegal to 13.93µm (6.97µm wall thickness) for A. 
siebertana, which are also within the range for hardwood species wall thickness of 3.0 –7.0 µm as cited by 
Khristova et al. (1998). The mean fiber double wall thickness values of Acacia nilotica and A. seyal obtained in 
the current study are greater than those reported by Osman (2001) (4.2 µm and 5.2 µm, respectively). The 
studied species have thick wall fibers according to Chattaway (1932) classification. As a result of the thick fiber 
wall, all the study species have a high Runkel ratio (>1), ranges from 1.65 for Acacia seyal to 2.60 for A. 
gerrardii.  
 
     The highest fiber slenderness ratio of the studied species was 62.0 recorded for Acacia senegal, while the 
lowest one was 54.7 recorded for Acacia nilotica. According to Table 2, the studied species has a range of 31.7% 
to 42.4% flexibility coefficient (elasticity coefficient) for Acacia gerrrardii and A. seyal respectively. Fibers are 
classified into four groups according to the flexibility coefficient (Bektas et al., 1999): High elastic fibers have 
an elasticity coefficient greater than 75, elastic fibers have an elasticity ratio of 50–75, rigid fibers have an 
elasticity ratio of 30–50, and highly rigid fibers have an elasticity ratio of less than 30. According to this 
classification, the studied species belong to the rigid fibers group.  
 
Table3. Results of mean separation test of five Sudanese Acacia species 
 
Species  
Fibers characteristics *A. gerrardii A. senegal A. seyal  A. sieberana A. nilotca 
  
Length (mm) 1.188a 1.039 a 1.086 a 1.199 a 1.023 a 
Diameter (µm) 20.0ab 17.3b 18.8 ab 21.5a 18.6ab 
Lumen diameter (µm) 6.28a 7.28a 7.87a 7.62a 7.23a 
Double wall thickness (µm) 13.70a 10.02b 10.98b 13.93a 11.39b 
Runkel ratio 2.60a 1.71 bc 1.65c 2.30 ab 1.88bc 
Slenderness ratio 62.0a 62.0a 61.5a 57.5a 54.8a 
Flexibility coefficient (%) 31.7 b 41.6a 42.2a 35.2ab 39.0ab  
 
     *A= Acacia, In the same row means with the same letter/s werenot significantly different (p ≤ 0.05). 
 
     According to the represented results in Table 3, there are no significant differences among the fiv  studied 
Acacia species in fiber length, lumen diameter and slenderness ratio. While some significant differences were 
detected among some of the studied species on fiberdiameter, double wall thickness, Runkel ratio and 
Flexibility coefficient. For instance, Acacia senegal and A. sieberana fiber diameter were significantly different 
from each other. Both of Acacia sieberana nd A.gerradii double wall thickness mean values were significantly 
different from those of Acacia nilotica, A. seyal and A.senegal. Acacia gerrardii had significantly higher value 
of runkle ratio than the other studied species with the exception of A. sieberana. Significant differences were 
also detected between A. sieberana and A. seyal. Regarding the Flexibility coefficient variation, Acacia gerrardii 
had significantly different Flexibility coefficient mean values from both of Acacia seyal and A. senegal. 
 
     The study results are in agreement with those of Yousif (2000), Osman (2001), Sadiku and Abdukareem 
(2019) and Wangkhem et al. (2020) who have detected variation among species on wood fiber diameter, double 
wall thickness, Runkel ratio and Flexibility coefficient. However, the study results are not in agreement with the 
above mentioned researchers results in the non-significant variation which has been detected among the s udy 
species on wood fiber length, lumen diameter and slenderness ratio. The study results are similar to those of 
Singh et al. (2013) who have detected variation in wood fiber diameter and double wall thickness. Meanwhile, it 
is not similar to Singh et al. (2013) in the significant differences which have been detected in fiber length and 
diameter. The results are similar to those of Ajuziogu et al. (2010) who have detected significant variation in 
wood fiber Flexibility coefficient and Runkle ratio and non-significant variation in slenderness ration among 
four Nigerian species.  
 
3.2. The suitability of the study species for pulp and paper making  
 
     The suitability of the study species for pulp and paper making (PPM) was assessed by comparing the study 
species wood fibers characteristics with those of the acceptable values for PPM and with Gmelina arborea which 
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Table 4. The study species wood fibers characteristics in comparison with the acceptable values for PPM1 and Gmelina 
arborea 
 
1PPM= Pulp and paper making, 2 Source1, 3Petri (1952), Okereke (1962), Rydholm (1965), 4Valkomer (1969), 5Xu et al. (2006) and 
6Ogunkunle and Oladele (2008). 
 
     Fiber length influences the tearing strength of paper. Long fibers are preferable for manufacture of paper as it 
gives a more open and less uniform sheet structure. According to the study results all species have medium fiber 
length according to IAWA Committee classification (1989) (0.9 mm-1.6mm) and short fiber length according to 
Wagenführ (1984) (1mm-1.5mm) classification. Acacia sieberana has the longer fiber while A. seyal has the 
shorter one. All the study species have fiber length more than one which is the acceptable values for pulp and 
paper making. Also their fiber length is comparable with that of Gmelina arborea the prime source for PPM of 
hard wood species. Therefore, based in the study results and comparison with Gmelina arborea the study species 
consider suitable for PPM.  
 
     Fiber slenderness ratio significantly influencd the breaking length, bursting, tearing and stretch of the pulp 
sheets (Ogunjobi et al., 2014). The study species fibers slenderness ratio ranges from 55 to 62 which are much 
more than the acceptable value for pulp and paper making (>33) and much more than that of Gmelina arborea 
(50). Slenderness ratio is also much higher than almost of all hardwoods used in papermaking and also higher 
than some softwood species such as Pinus kesiya (56.51), as cited in Dutt and Tyagi (2011). Therefore, the study 
species wood consider suitable for pulp and paper making and are expected to produce paper with high tear 
resistance. 
 
     Runkel ratio is an important indicator of the suitability of fiber for paper production. Fibers with a Runkel 
ratio less than 1 are good for paper making because the fibers are more flexible, collapse easily and form a paper 
with large bonded area (Dutt et al., 2004). According to table 3, all the study species have Runkel ratio > 1.  This 
makes the fibers from these wood not good enough as qu lity raw material for quality pulp and paper. However, 
Khristova et al. (1997, 1998) confirmed the suitability of species with equal and higher Runkel ratio for 
papermaking such as: Acacia mellifera (1.8), A. senegal (2.5), A. seyal var. fistula (2.2), A. seyal var. seyal (2.1), 
Balanites aegyptiaca (2.9), Eucalyptus tereticomis (1.7). It is expected that the study species wood will produce 
poor paper unless mixed with those of soft-wood or recycled paper pulps. 
 
     Flexibility coefficient is another important criterion for evaluating fiber quality for Pulp and paper making. 
The higher the value of wood fiber Flexibility coefficient, the greater are the burst and tensile streng h of paper 
produced from the wood. The flexibility coefficient of the studied species are in the range of 32 to 42 which is 
lower than the acceptable value for Pulp and paper making (>60) and lower than those of Gmelina arborea (73), 
but are comparable to those of Balanites aegyptiaca (25.3), Eucalyptus tereticomis (36.5) (studied by Khristova 
et al., 1997), Acacia mellifera (36), A. senegal (28), A. seyal var. fistula (32), A. seyal var. seyal (32) (studied by 
Khristova et al., 1998) which considered suitable for pulp and paper making. The studied species Flexibility 
coefficient are also comparable with those of Acacia nilotica ssp: adansonii (41), nilotica (42) and tomentosa 




     The wood fiber characteristics of the studied species are in the normal range for hardwoods. Their fib r length 
can be classified as medium according to IAWA Committee classification (1989) and as short according to 
Wagenführ (1984) classification. They have thick wall thickness. No significant differences among the five 
studied Acacia species had been detected in fiber length, lumen diameter and slenderness ratio. While significant 
differences had been detected among the studied specie  on fiber diameter, double wall thickness, Runkel ratio 
and Flexibility coefficient. The overall fiber characteristics of the study species qualify them for pulp and paper 
industries. However, it is recommended to mix the pulp produced from wood of the study species wood with 
soft-wood or recycled paper pulps to improve their properties. 
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